To compare cardiorespiratory responses to standing arm ergometry and treadmill exercise, two graded exercise stress tests were performed in 30 patients with ischemic heart disease (IHD). Cardiac catheterization and expired gas analyses were also done. Standing arm ergometry was discontinued because of arm fatigue in 15 (50%) patients, whereas treadmill exercise was stopped due to leg fatigue in 8 (27%) patients. Maximal increase in rate-pressure product and oxygen uptake, and magnitude of ST-segment depression during standing arm ergometry were significantly smaller (p<0.01, p<0.01 and p<0.05, respectively) than those during treadmill exercise. Furthermore correlations of maximal change in rate-pressure product, oxygen uptake and extent of ST-segment depression were not close between the two exercise tests (r=0.76, r=0.67 and r=0.54, respectively).
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July 1991 who also have peripheral vascular disease, large joint arthritis, amputation or neuromuscular problems involving the lower limbs. In addition, angina pectoris is precipitated in some patients primarily by arm exertion.3) Arm ergometry has been proposed as a useful alternative to standard treadmill exercise or leg ergometry.4)-6) Although there have been several reports comparing hemodynamic responses to arm ergometry and treadmill exercise,4),6),7) arm ergometry has been performed in the seated position in all but one of these studies in healthy subjects.7) Body weight must be lifted on standing, whereas body weight is supported in the sitting position. Furthermore, Vokac et al8) reported some differences in cardiorespiratory parameters obtained during arm exercise in the sitting and standing body positions. Therefore, when the hemodynamic responses to different types of exercise are compared, we believe that other test conditions should be as similar as possible.
The purpose of this study was to compare the cardiorespiratory responses to arm ergometry while standing and treadmill exercise in patients with IHD. arm ergometry in patients whose endpoint was arm fatigue was less marked in comparison with that in patients whose endpoint was increased heart rate (p<0.01).
METHODS
Although the extent of the maximal change in oxygen uptake and O2- 
DISCUSSION
The purpose of this study was to compare the cardiorespiratory responses to standing arm ergometry and treadmill exercise in patients with IHD. Although there have been several reports comparing hemodynamic responses to arm ergometry and treadmill exercise,4),6),7) arm ergometry was performed in the seated position in all but one of these studies in healthy subjects.7) Since body weight must be lifted on standing, whereas body weight is supported in the sitting position, different posture may produce different cardiovascular responses to exercise. Vokac et al8) compared cardiorespiratory parameters obtained during arm exercise in sitting and standing body positions and reported that the resting heart rate was significantly higher in the standing position and that the work load in the standing position was, on the average, 13% higher (p<0.05) than when sitting. Therefore, comparison of hemodynamic responses to arm and leg work should be evaluated in the same posture to exclude the influence of different body position. In this investigation we compared cardiorespiratory responses to standing arm ergometry and treadmill exercise in patients with IHD.
Our findings showed that maximal increase in rate-pressure product and oxygen uptake during standing arm ergometry was significantly smaller than that during treadmill exercise (Tables II, III) . Hagan et al7) compared the cardiorespiratory responses to incremental-load treadmill work and arm work on standing in young healthy subjects and reported that maximal oxygen uptake produced during standing arm work represented 85% of treadmill work in men and 76% in women. The reason maximal oxygen uptake is higher during treadmill exercise than during arm ergometry is that as additional muscle groups are incorporated into performance of maximal work, progressively greater maximal aerobic power will be achieved.10), 11) ST-segment depression during standing arm ergometry was significantly less marked than that during treadmill exercise (Fig. 2) . Since maximal increase in blood pressure during diastole, when coronary perfusion occurs, did not show any significant differences during these two tests, the lower rate-pressure product may contribute to the lower magnitude of ST-segment depression during standing arm ergometry.
Our results showed that significant ST-segment depression was demonstrated in 39% of patients with documented coronary artery disease during standing arm ergometry and in 61% during treadmill exercise. Balady et al6) reported that an isehemic response-angina or ST depression-was demonstrated in 26 (86%) of 30 patients with documented angina pectoris during treadmill exercise and in 12 (40%) patients during sitting arm ergometry. Sensitivity for detecting coronary artery disease during arm ergometry in our study was low, but was similar to that in Balady's study. Lower sensitivity during arm ergometry compared with that during treadmill exercise was attributed, in part, to a lower rate-pressure product. In addition, Balady et al6) suggested that the change in rate-pressure product at peak exercise did not reflect total myocardial oxygen consumption and that other determinants of myocardial oxygen consumption such as myocardial contractility and the level of myocardial wall tension could be substantially lower during arm ergometry. The sensitivity for detecting coronary artery disease during treadmill exercise was lower in our study as compared with that in Balady's study, probably because our study group consisted of 17 patients with previous myocardial infarction and 13 other IHD patients, whereas all patients in Balady's study had angina pectoris. DeBusk et al12) examined ischemic responses to arm and leg ergometry in patients with a previous myocardial infarction. The sensitivity of detecting coronary artery disease in this population was low for both tests (18% for arm vs 25% for leg, difference not significant), because all subjects being tested had a previous myocardial infarction and may not have had provokable ischemia.
Clinical implication: It has been reported that for any level of submaximal exercise, oxygen consumption and physiologic strain are higher when exercising the arms than when exercising the legs.13) This difference is generally attributed to a lower mechanical efficiency in arm exercise owing to static muscular contractions in this form of work as well as the extra muscular work required to stabilize the torso during an exercise such as arm ergometry.14) In addition, our data indicate that the maximal increase in rate-pressure product and oxygen uptake was significantly smaller during standing arm ergometry than during leg exercise and that the correlation of maximal changes in rate-pressure product and oxygen uptake between the two exercise tests was not very high (Fig. 1) . For these reasons exercise prescriptions based on running and bicycling cannot be applied to arm exercise, and furthermore it is not possible to predict accurately one's capacity for arm exercise from a test using the legs.14) The physician and exercise specialist should formulate a prudent exercise program using both forms of work after understanding the differences in physiologic response between arm and leg exercise. 13 
